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The invention herein disclosed may be used by and for 
the Government of the United States of America for 
governmental purposes without the payment of any royal 
ties thereon or therefor. 
The present invention relates to electrical apparatus 

for producing servo test signals and more particularly 
to apparatus for producing test signals suitable for check 
ing the proper response of a servo channel. 

In magnetic ?eld detection systems, servo loops are 
utilized to maintain the detecting magnetometers in proper 
alignment with the earth’s magnetic ?eld. In order to 
insure proper operation of the servo loops, test equip 
ment is utilized to deliver predetermined test signals into 
the error end of each servo loop and the latter is observed 
for proper response. Existing test equipment rely on in 
volved circuitry and a multiplicity of tubes delivering a 
sine wave output for this purpose. 
The present invention develops suitable transient test 

signals representing maximum unbalance conditions for 
feeding into the error end of servo loops order to check 
the follow-up response of the servos. Speci?cally, these 
test signals, which are produced by a simple R-C circuit 
not involving the use of tubes and complex associated 
circuitry, have rate of change characteristics re?ecting 
maximum conditions to be met in service, such as those 
imposed by maneuvering of the aircraft. By such appli 
cation of error signals, the servos may be observed for 
proper response and follow-up. 
An object of the present invention is the provision of 

apparatus consisting of a relatively simple R-C circuit 
for testing'the follow-up in a servo system by supplying 
to the servo system a predetermined signal representing a 
peak angular velocity and acceleration response required 
in the servo axis. 
A further object of the invention is the provision of a 

simpli?ed circuit devoid of tubes and complex circuitry 
for producing a predetermined test signal for use in 
testing the follow-up operation of a servo used in the 
orientation arrangement of magnetic ?eld detection equip 
ment. 

Another object of the invention is the provision of an 
R-C network having a predetermined transient response 
to an applied step function type of signal for use in test 
ing the proper response of a servo system. 

Other objects and advantages of the invention will 
hereinafter become more fully apparent from the follow 
ing description of the annexed drawing, which illustrates 
a preferred embodiment, and wherein: 

Fig. 1 shows the inventive test circuit. 
Fig. 2 illustrates a typical application of the inventive 

test circuit of Fig. 1. ‘ 
Referring to Fig. 1, the inventive circuit consists of a 

two—position switch S—1 having its “C” and “E” positions 
connected to a D. C. vpower supply, not shown. The 
stops C and E represent “calibration” and “error,” respec 
tively, each of which represents a different, predetermined 
voltage for the purpose to be ‘described below. In series 
yvith switch S4 is a simple “0n~otf” switch S-Z connected 
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at its opposite end to resistors, R1, R2, and R3 in series. 
Resistor R3 is connected to the center tap of a two-posi 
tion selector switch 8-3, also illustrated in Fig. 2. A pair 

' of condensers C1 and C2 are connected between ground 
and the points between R; and R2, and R2 and R3, re 
spectively. 
The values of R1, R2, R3, C1, and C2 in the circuit of 

Fig. 1 must be selected to deliver a predetermined current 
build up to each servo channel representing a predeter 
mined angular velocity and acceleration response in the 
detector head of the servo channel. > Selection of these 
values is described further below. . 

Fig. 2 shows a magnetometer orientation arrangement 
like the one appearing in the application “Orientation 
System for Magnetometers,” Serial No. 461,696, ?led 
October 11, 1954, in the names of M. Potosky, M. Hans 
burg, and J. H. Davis, herein shown utilizing the instant 
test circuit. Detecting head unit 10 of the magnetic ?eld 
detection equipment includes the orientor magnetometers 
112, 14, 16, and 18 arranged as a square in a common 
plane (platform) for the purpose of maintaining the de 
tector magnetometers (not illustrated) in alignment with 
the earth’s magnetic ?eld, as described and shown in the 
aforementioned application. in order to accomplish this 
continuous orientation purpose, the coils in magnetometers 
l6 and 18 are arranged in the form of a bridge receiving 
their 400 cycle per second driving voltage from output 
transformer 24 of magnetometer driver 26. The center 
tap of transformer 24 will produce no error signal output 
when magnetometers 16 and 33 are exactly at right angles 
to the earth’s magnetic ?eld. As explained in the applica 
tion referred to above, the driving voltage consists of 
pulses with approximately equal positive and negative am 
plitudes. The difference in amplitudes of the + and — 
pulses is the error voltage. When these magnetometer 
coils are not exactly at right angles to the earth’s ?eld, 
an error voltage is produced at the center tsp of trans 
former 24 and is supplied to servo ampli?er 23 amplify~ 
ing and delivering this “error” to servo motor 30 in order 
to rotate magnetometer head in one plane and in such 
a direction as to cancel the error. The ?xed phase of 
servo motor 30, as well as the ?xed phase of servo motor 
32, is supplied by output transformer 34 of magnetometer 
driver 26. In a similar manner, orientor magnetometers 
l2 and 14 are energized by transformer 36 of driver 26 
and the error signal taken from the center tap of trans 
former 36 is used in the servo ampli?er 38 to reposition 
magnetometers 12 and 14 by motor 32. Hence, the plane 
or platform formed by magnetometers 12, 14, 16 and 
18 will be continuously maintained perpendicular to the 
earth's magnetic ?eld in spite of changes in position of 
the apparatus or aircraft supporting the magnetic ?eld 
detecting instrument. 

Test set 48 embodies the novel circuit illustrated in 
Fig. 1 and delivers its test signal through switch 8-3 to 
either magnetometer bridge. The error signal produced 
by each orientor magnetometer is passed to the respective 
ampli?ers 28 or 38 through ground. Switches S-4 and 
5-5 are used to open and close the servo loops for the 
reasons to be described hereinbelow. 
The present invention is designed to check the accuracy 

of servo loop follow-up in both servo channels. In order 
to carry out this function, the circuit of Fig. 1 must have 
a transient response to the application of a D. C. voltage 
input B, through switch 8-]. such as to represent a maxi 
mum predetermined angular velocity and acceleration in 
the servos necessary to permit proper follow-up by the 
loop and maintenance of the platform in its proper rela 
tionship to the earth’s magnetic ?eld. This would be 
maximum follow-up conditions imposed, for example, by 
aircraft maneuvering. The angular position, velocity and 
acceleration of the platform resulting when switch S—2 is 
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closed feeding in the test signal may be evaluated from a 
mathematical analysis of the transient current ?owing 
through R3 as a function of time. 
The transfer function of the network shown in Fig. 1 at 

some frequency f is: 

where G1, G2 and G3 are the conductances of R1, R2 
and R3, respectively; P=jw and eo and e1 are the instan 
taneous voltage output and input, respectively. 

Noting that in the instant case the input signalis a 
step function having an amplitude voltage of E1, the in 
stantaneous output voltage e0 of the circuit as a function 
of time (1‘) becomes: 

—__l.__ _. _ —a , -? 

_ E0(t)"‘aB(B__a)[B a He t+cte t] 

where or and [3 appear in the roots (P-I-a) (P-Hi) of the 
bi-nomial denominator ofEquation l. 
The angular position “00” of the servo axis or platform 

may be related to the output voltage “e,,” as follows: 

KE., 
(3) F759 
The conversion constant “K,” in radians of axis motion 

(of the platform) per ampere of magnetometer current 
in each magnetometer, may be determined experimentally 
for each magnetometer. This constant converts, for a 
given earth’s magnetic ?eld, a unit amount of magne 
tometer current in each orientor bridge coil to an equiva 
lent amount of platform motion. Although there is a 
separate value of K for each bridge, the two are usually 
in close agreement. The constant is measured by an 
operating servo system and is a product of a steady state 
condition. In Formula 3, 

(2) 

E0 
R3 

represents magnetometer current approximately, since 
the resistances of the coils are small compared to R3. 

Substituting (3) into (2) we obtain the following ex 
pression for the axis position as a function of time: 

KE, 
:clczRlRgRg‘ 

OMB-oz) 
(4) 

The ?rst derivative of Equation 4 will yield the angular, 
velocity of the axis as a function of time: 

Acceleration of the axis’ obtained from the second de 
rivative of Equation 4, will be: 

KE, 

Examination of Equations 4, S, and 6 shows that, at 
the time t_—-0, the position and velocity of the axis are 
both zero, satisfying requirement (c), while the accelera 
tion is maximum. The time at which the velocity is maxi 
mum may be determined by equating the acceleration in 
Equation 6 to zero. Performing the above operations, 
we obtain the following equations: 

(6) 

(7) Maxlmum acceleration AWL-m 

(3) t, at maximum velocitY=?5?xIi/—c;) 
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Substituting above for tin Equation 5 : 

(9) Maximum velocity Vm= 
Am —10Ea B/a _Q10ge 5/11 
W 6 Blot-1 _' a B/a-l. 

The roots P-l-a and P+? of the binomial occurring 
in Equation 1, may be evaluated from the binomial for 
mula or from the two following linear equations: 

With Equations 7 through 11, there is sui?cient infor 
mation to calculate the values for R1, R2, R3, C1 and C2 
provided the requirements for the test circuit are known, 
that is, the limiting values of. acceleration and velocity 
to be produced in the servos. The technique of suc 
cessively selecting convenient values for the components 
and then calculating the response in the servo loop has 
proved to be successful, although any other method to 
establish the values of the components may be resorted to. 
The test circuit of Fig. 1 may be utilized in the 

magnetometer arrangement of Fig. 2 to check the follow 
up of the servo loops, as follows: 

It is ?rst necessary to calibrate ampli?ers 28 and 38 
by opening switches S-4 and 8-5 to shut down the servo 
loops. Switch 8-1 is rotated to the “calibration” posi 
tion to provide for the delivery of a predetermined volt 
age E1 to the test circuit representing the test signal for 
a 3-minute deviation of the platform from null. This 
voltage may be calculated from formula 

Switch S-Z is then closed causing a surge of current 
through the test circuit of Fig. l to the input of ampli 
?er 28. The needle in current meter 46 will settle at 
some value after the transients disappear. The ‘needle 
position hence represents the output of ampli?er 28 rep 
resenting an error of 3 minutes in the platform. Similar 
calibration is made of ampli?er 38. 

In order to check the follow-up of the servo loops, 
switches S-4 and S-5 are closed to permit loop opera 
tion. Switch 8-1 is moved to the “error” position to 
provide an input voltage to the test circuit, the output of 
which will cause the platform to move in such a manner 
that maximum conditions of acceleration and velocity of 
motion will occur. Switch S—3 is moved to select the 
servo channel to be checked. With the platform in a 
stable position, switch S-2 may be either closed or opened 
to permit a surge of current to be introduced into the 
servo ampli?er from the selected magnetometer bridge. 
As seen from the mathematical analysis, maximum ac 
celeration current will be at t=0. However, if the 
servo channel follow-up is operating correctly, the system 
will operate so quickly that during the period it takes 
for the current to build up through the test circuit the 
platform will be rotating in the direction to cancel the 
“error” signal and will follow the signal within 3 minutes 
of are at all times. Hence, the meter needle should not 
exceedrthe previously calibrated reading for 3 minutes 
of arc. Since maximum acceleration or rate of cur 
rent build-up is at t=0, the ampli?er meter needle will 
swing to its maximum value at this time, and should not 
in its swing exceed its previously calibrated position. 

It is thus seen that there has been provided a relatively 
simple arrangement for testing the follow-up, in a servo 
loop. While the test circuit has been described in con 
nection with servo loops used in magnetometer orientor 
circuits, the circuit should ?nd application as a simple 

By the technique 
described, the test circuit may be designed or custom 
?tted specially for a speci?c'use. 



asacnes 
5 . 

An additional requirement which may be satis?ed in 
calculating the values of the components in the circuit 
of Fig. 1 would be the physical limits of angular deviation 
permissible in the platform. For example, in the par 
ticular magnetometer of Fig. 2, a typical installation of ‘ 
the device limited the platformrto a.40° rotation from 
null in either direction of: rotation. Therefore, the test 
circuit should be designed to prevent the current 

from exceeding a value which may be determined from 
Formula 3, wherein 616:6”, is equal to the maximum 
angular displacement noted above. 

It should be understood, of course, that the foregoing 
disclosure relates to only a preferred embodiment of the 
invention and that numerous modi?cations or alterations 
may be made therein without departing from the spirit 
and the scope of the invention as set forth in the appended 
claims. ~ 

What is claimed is: 
1. A servo network having a predetermined transient 

[response to an applied voltage being a time step function 
comprising, in combination, ?rst, second and third re 
sistance means in series between a source of said volt 
age and the point of use, ?rst capacitance means between 
ground and the point joining said ?rst and second resist 
ance means, and second capacitance means between 
ground and the point joining said second and third re 
sistance means, said applied voltage (E1) and said resist 
ance and capacitance means being related in accordance 
with the relation: 

KE.~___ 
2 . 

where 60 represents an instantaneous angular servo re 
sponse to the instantaneous output voltage of said net~ 
work; R1, R2, B3, C1, C2 represent the values of said re 
sistance and capacitive means, respectively; K represents 
an experimentally determined conversion constant relat 
ing said angular response to said instantaneous output 
voltage of said network; and 

(2) Hazel-re?ner O1 O2 

_ G1G2 + GzGs + GaGi 
(3) a/JLMFCB 

where G1, G2, and G3 are the conductances of R1, R2, 
and R3, respectively. . 

2. A servo test network having a predetermined 
transient response to an applied D. C. voltage compris 
ing, in combination, ?rst, second and third resistance 
means in series between a source of said D. C. voltage 
and the point of use, ?rst capacitance means between 
ground and the point joining said ?rst and second re 
sistance means, and second capacitance means between 
ground and the point joining said second and third re 
sistance means, said applied D. C. voltage (E1) and said 
resistance and capacitance means being related in accord 
ance with the relation: 

KE, 
%__C'1O2R1R2R3 _a -5 

(1) dt —-—[T[e ‘—e ‘1 

wherein 60 represents an instantaneous angular servo 
‘it response to the instantaneous output voltage of said net~ 
\ work; R1, R2, R3, C1, C2 represent the values of said 
\ . . . 

\reststance and capacitance means, respectively; K repre 
\sents an experimentally determined conversion constant 
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relating saidiangular response to the said instantaneous 
output voltage of said network; and 

Zelda 

where G1, G2, and G3 are the conductances of R1, R2 and 
R3, respectively. 

3. An error signal producing network for testing the 
follow-up of a servo system consisting of ampli?er and 
motor means, comprising, in combination, ?rst, second 
and third resistance means in series, the latter resistance 
means connected to said ampli?er input, means for selec 
tively applying a D. C. voltage (E1) to said first resist 
ance means, ?rst capacitance means between ground and 
the point joining said ?rst and second resistance means, 
and second capacitance means between ground and the 
point joining said second and third resistance means, said 
voltage E1, the instantaneous voltage eo delivered to said 
ampli?er means, and said resistance and capacitance 
means all being related in accordance with the relation: 

KEl 
Amzitlzrznacnc2 (1) 

wherein Am is the maximum acceleration of the servo 
required in service; R1, R2, R3, C1, and C2 represent the 
values of said resistance and capacitive means, respec 
tively; and K is a constant. 

4. An error signal producing network for testing the 
follow-up of a servo system consisting of ampli?er and 
motor means, comprising, in combination, ?rst, second, 
and third resistance means in series, the latter rF i'ztance 
means connected to said ampli?er input, means for selec 
tively applying a D. C. voltage (E1) to said ?rst resist 
ance means, ?rst capacitance means between ground and 
the point joining said ?rst and second resistance means, 
and second capacitance means between ground and the 
point joining said second and third resistance means, said 
voltage E1, the instantaneous voltage e0 delivered to said 
ampli?er means, and said resistance and capacitance 
means all being related in accordance with the relations: 

wherein Am and Vm are the maximum acceleration and 
velocity, respectively, of the servo required in service; 
R1, R2, R3, C1, and C2 represent the values of said re 
sistance and capacitive means, respectively; K represents 
a constant, and 

C102 

where G1, G2, and G3 are the conductances of R1, R2 
and R3, respectively. 

5. The network of claim 1 in which the ratio 

Er 
R1+R2+ R3 

does not exceed a value 

9m 
K 

where 0m is the maximum permissible value of 0°. 
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6. The network of claim 3 in which the ratio 

E; 
R1+Rz+ R3 

does not exceed a value 

2,850,689 
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where‘ am is'the total‘ maximum permissible ‘deviation in 
the servo from its null position. 
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